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[Background] Bacterial infections could occur during the introduction of artificial material into oral tissues. Therefore, it is ideal to use 
biomaterials with anti-bacterial effects for tissue regeneration therapy. Furthermore, during the repair or regeneration of complex tissues 
such as periodontal tissues, several growth factors participate in complex interactions at different stages. Therefore, the several growth 
factors releasing system is need in using tissue engineering technique. However, the local yield of a growth factor is an important 
consideration for the success of tissue regeneration therapy. Relationships of plasmid DNAs dose and yield of growth factors released 
is not well-known. This study aimed to investigate the anti-bacterial effects of a protamine-coated calcium phosphate gene transfection 
vector (CaP), its relationship with the plasmid DNA dose and yield of released growth factors observed after gene transfer in vitro and 
in vivo for establishing several growth factor-releasing systems using gene transfer.  
 
[Materials and Methods] Bone morphogenetic protein (BMP) and insulin-like growth factors (IGFs) were used. Firstly, the 
anti-bacterial effects of different dose of protamine-loaded calcium phosphate nanoparticle gene transfection vector were investigated 
using Aggregatibacter actinomycetemcomitans and Streptococcus mutans. Next, the combined effect of using a different ratio of 
BMP-2 and IGF-1 was investigated in MC3T3E1 cells by PCR test using aqueous solutions, including BMP-2 (2 nM) or IGF-1(6, 12 
or 24 nM), before an experiment involving CaP nanoparticles. Finally, for determination of the yield of growth factors released owing 
to gene transfer, CaP nanoparticle loaded with different amount of plasmid DNA encoding BMP-2 and IGF-1 were used to treat 
MC3T3E1 cells, and the yield of released BMP-2 or IGF-1 was measured by ELISA four days later. Collagen scaffolds containing 
CaP nanoparticles were implanted into rat cranial bone defects and yields of BMP-2 and IGF-1, bone formation and bone mineral 
density enhancement were evaluated 28 days after gene transfer. 
 
[Results] Protamine-loaded CaPs successfully inhibited the proliferation of both bacteria, depending on the protamine dose, while the 
cell viability after incubation with CaPs loaded with protamine was lower than that of CaPs without protamine or in the control. Based 
on these results, CaP/protamine-10 (protamine 10 mg mL-1) was used for further gene transfection experiments. The combined 
treatment of BMP-2 (2 nM) and high IGF-1 concentrations (12 or 24 nM) increased mRNA gene expression levels of ALP, OCN, and 
Runx2, as compared to that of BMP-2 alone, while that of BMP-2 (2 nM)/ IGF-1(6nM) showed no significant differences. These 
results indicate that combined treatment with BMP-2 and a high concentration of IGF-1 increased bone formation activity. With regard 
to the gene transfection efficiency, BMP-2 and IGF-1 were released simultaneously after gene transfer; the loaded dose of plasmid 
DNA encoding IGF-1 did not impact the BMP-2 or IGF-1 yield. Immunohistological analysis results also supported this result., which 
indicates that the different dose of loaded plasmid-DNA in CaP nanoparticle doesn’t influence the yield of released growth factors 
resulting from gene transfer. There was no statistically significant differences in new bone formation ratio and bone mineral density. 
These results suggested that the yield of released growth factors resulting from gene transfer might be too small to promote bone 
regeneration for 28 days. 
 
[Conclusion] Two growth factor-releasing systems were developed using a novel antibacterial gene transfer vector and the relationship 
between the loaded plasmid DNA dose and resultant growth factor yield was determined in vitro and in vivo. However, the selection of 
an appropriate growth factor (such as BMP-9) that can induce high bone formation activity at low concentrations should be considered 
for improved gene transfection therapy.   
 
